Liver metabolomic changes identify biochemical pathways in hemorrhagic shock.
Despite ongoing advances in treatment, thousands of patients still die annually from complications due to hemorrhagic shock, a condition causing dramatic physiologic and metabolic changes as cells switch to anaerobic metabolism in response to oxygen deprivation. As the shift from aerobic to anaerobic metabolism occurs in the peripheral tissues during shock, the liver must increase production of endogenous glucose as well as process excess lactate produced in the periphery. This places the liver at the center of metabolic regulation in the body during hemorrhagic shock. Therefore, we hypothesized that liver tissue from pigs during an in vivo model of hemorrhagic shock (n = 6) would reflect resultant metabolic changes. The in vivo model of shock consisted of 45 min of shock followed by 8 h of hypotensive resuscitation (80 mmHg) and subsequent normotensive resuscitation (90 mmHg) ending 48 h after the shock period. Control groups of pigs (n = 3) (1) shock with no resuscitation, and (2) only anesthesia and instrumentation, also were included. Metabolic changes within the liver after shock and during resuscitation were investigated using both proton ((1)H) and phosphorous ((31)P) nuclear magnetic resonance (NMR) spectroscopy. Concentrations of glycerylphosphorylcholine (GPC) and glycerylphosphorylethanolamine (GPE) were significantly lower at 8 h after shock, with recovery to baseline by 23 and 48 h after shock. Uridine diphosphate-glucose (UDP-glucose), and phosphoenolpyruvate (PEP) were elevated 23 h after shock. These results indicate that (1)H and (31)P NMR spectroscopy can be used to identify differences in liver metabolites in an in vivo model of hemorrhagic shock, indicating that metabolomic analysis can be used to elucidate biochemical events occurring during this complex disease process.